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SUMMARY
The effect of litter density and addition of organic minerals (Availa-Zn R and Mn R ) and Yucca schidigera extract (MicroAid R ) on ammonia emissions in broiler chickens was evaluated. Four treatments were tested: I. Traditional growing program with a litter density of one kg m . Ross-line chickens were used. Ammonia emissions from litter and at peak height (ppm), litter moisture (%), relative humidity (%), pH, litter temperature (
• C), and ambient temperature (
• C) were measured weekly during the growing period. The results of ammonia emissions from litter showed significant differences among treatments (P ≤ 0.0001); treatments with a litter density of 2 kg m −2 plus the use of organic minerals and MicroAid
DESCRIPTION OF PROBLEM
In Mexico, the poultry industry in recent years has undergone 3 percent growth in the production of broiler meat due primarily to increased demand and a high preference of the population for poultry products. Consumption of chicken meat in 2014 was 25.6 kg per capita, and the poultry industry generated 1,154,000 jobs of which 192,000 were direct and 962,000 indirect 1 Corresponding author: joel42ts@colpos.mx [1] , making this industry one of the most important activities in the country within the agri-food sector due to its economic impact.
The growth in chicken meat production, due to increasing demand, has brought with it major advances and changes in bird production, such as: highly modernized production systems, larger facilities for higher bird density per square meter, improved litter type and density, genetic improvement (breeding), and innovation in poultry nutrition for more live bird weight in short growing periods [2] . However, the above factors involved in the growth of poultry production have contributed to the increased emission of gases generated within the facility by the deposition of excreta, with ammonia being one of the most important gases [3, 4] .
Ammonia is a highly irritating, colorless gas, and its emission inside the facilities has been linked to environmental factors, such as temperature, moisture, and pH provided before and after diet, respectively [5, 6] , as well as to litter quality, bird density per square meter, and ventilation systems [7, 8] . Ammonia emissions can affect the health of the birds when they are exposed to high concentrations, since lesions such as uveitis and keratoconjunctivitis can be caused, as well as respiratory problems, pathological damage, and severe infections that can cause death and therefore considerable economic losses [9, 10] . Ammonia also affects human health through the generation of unpleasant odors and their impact on respiratory problems, mainly involving people directly related to the poultry industry [11] .
Ammonia emission also entails some environmental problems, such as eutrophication and acidification in water bodies near poultry farms [12] , alters the pH of the soil, and contributes to the destruction of the ozone layer due to the production of nitrous oxide [11] . For these reasons, it is important to find strategies to mitigate ammonia emissions from poultry farms and thus reduce the environmental problems caused by this gas. In Mexico, there is limited scientific research on the estimation of ammonia emissions on poultry farms. One strategy that has been used in other countries to reduce ammonia emissions is the use of supplements in bird feed, such as Yucca schidigera extract, which has had a significant effect on reducing ammonia emissions [13, 14] ; also, the inclusion of organic minerals enhances nutrient absorption and helps protein after synthesis, thus reducing nitrogen excretion [15, 16] . Furthermore, the bedding material should have good moisture absorbency, a factor that has been directly linked with ammonia emission [17] . Various types of materials have been tested according to the region, cost, and availability. The most common are pine shavings, sawdust, rice hulls, and peanut shells.
The aim of this study was to evaluate the effect of litter density and organic minerals (Availa-Zn R and Mn R ) with a Yucca schidigera extract (MicroAid R ) [18] as supplements to a traditional chicken-growing program on ammonia emissions in the highlands region of central Veracruz.
MATERIALS AND METHODS
The experiment was conducted between February and April 2015 on 2 commercial farms in the region, located in the municipalities of Chocaman and Mariano Escobedo in the state of Veracruz with coordinates 19
• 01 NL -97
• 02 WL, 18
• 55 NL, and 97
• 08 WL and at altitudes of 1,360 and 1,520 masl, respectively. The predominant climate of this region is temperate sub-humid with summer rains and average annual rainfall of 1,722 mm.
This research met the guidelines approved by the institutional animal care and use committee (IACUC). A density of 23 one-day-old Rossline chickens m 
Experimental Design
A randomized complete plot experimental design with repeated measures was used under the following model:
Where: y i jkl is the ammonia emission in ppm, μ is the overall mean, loc j is the random effect of location assuming loc j N (0, σ
is the random effect of the interaction between treatment and pen within the location assuming τ
, period l is the effect of the growing period of the chickens, (τ * period) il is the effect of the interaction between the treatment and the growing period, and ε i jkl is the experimental error with
The variable ammonia emission from litter (ppm), ammonia concentration at chicken peak height (ppm), pH, moisture percentage in litter, litter temperature (
• C), relative humidity (%), and ambient temperature (
• C) were analyzed with the aforementioned experimental design using the mixed procedure (Proc mixed) of SAS (Statistical Analysis System, version 9.2). A compound symmetry covariance structure [19] was used, and the degrees of freedom for the F tests were estimated using the Kenward-Roger's approximation.
Variables Evaluated
The following variables were evaluated at d one, 7, 14, 21, 28, 35, 42 , and 49 of the growing period for each treatment.
The ammonia emission (ppm) was measured at litter level and chicken peak height at 2-hour intervals with a Dräger X-am 5000 gas detector [20, 21] . The ammonia concentration during the growing period was estimated for each of the treatments. This estimate was made by determining the area under the curve of a third-degree polynomial fitted with ammonia emission data during the growing period.
Litter moisture (%) was determined in a sample consisting of bedding material collected in a zig-zag pattern across the pen, according to the method established by Onbasilar et al. [22] and Taira et al. [23] , and it was calculated using the gravimetric method [46] . The pH was determined in a 10-g sample homogenized with 100 mL of distilled water using an Oakton EcoTestr 2 pH tester [46] .
Litter temperature ( • C) was determined using a Taylor 9847 N thermometer, and ambient temperature (
• C) and relative humidity (%) were determined using a TFA Dostmann 30.5000.02 thermo-hygrometer data logger [47] .
RESULTS AND DISCUSSION
Litter-level Ammonia Emission
Analysis of variance showed highly significant (P ≤ 0.0001) statistical differences in average ammonia emission among treatments. The average ammonia emission from litter in the TP1 treatment consisting of the traditional program was statistically different from the other treatments (Figure 1) . The TP2 treatment, in which the traditional growing program with a 2 kg m −2 litter density of rice hulls was used, showed no statistical difference from the TP1+FHP treatment in which the foot health program and a one kg m −2 litter density of rice hulls were used; however, the TP2 and TP1+FHP treatments showed statistically significant differences in relation to the TP2+FHP treatment in which the foot health program was combined with a litter density of 2 kg m −2 . By increasing litter density from one to 2 kg m −2 , it was found that the ammonia emission decreased by 21% compared to TP1 (Figure 1 and Table 1 ). This decrease in ammonia emission was probably due to several factors, such as: litter moisture content, carbon content of the treatments with 2 kg m −2 litter density, litter and ambient temperature, pH, and ventilation. Regarding litter moisture, no clear trend was observed in this experiment. However, it was found that the TP2 treatment, in which litter density was increased to 2 kg m −2 , showed 39.8% moisture compared to 35.5% in the TP control treatment. It is known that the amount of nitrogen in the excreta can potentially increase ammonia emissions if the litter moisture content is lower, as in TP1 [24] . On the other hand, Miles et al. [25] showed that in a moisture range from 37.4 to 51.15%, the ammonia emission is diminished as moisture increases. In relation to the increase in carbon content obtained through the treatments with twice the litter density, it has been reported that the high concentration of lignin present in the rice hull reduces bacterial growth and thus the formation of ammonia [26] . In this respect, the increase in litter temperature and pH favors bacterial growth specific to the decomposition of the uric acid present in the excreta and increases the emission of ammonia [27, 28] . The pH values in this study showed no statistically significant differences among treatments, as the values ranged between 7.75 and 8.1 (Table 1) . This probably limited bacterial growth in the litter by using a density of 2 kg m −2 of rice hulls. On the other hand, Garcês et al. [29] observed that at pH 8.5 in rice hull litters at the end of the growing cycle, the ammonia emission is reduced compared to other materials, such as sand, grass, and corn cob. In another study, Shao et al. [30] reported that the higher the litter density (16 cm in height) the lower the litter moisture content, resulting in a decrease in ammonia emissions of up to 28% compared with lower litter densities (4 cm in height). Therefore, proper litter density on a poultry farm is essential in reducing ammonia emissions and suspended particles in the atmosphere, factors that affect the health of the animal [31] .
As for the foot health program implemented, it was found to have a significant effect on reducing ammonia emissions by up to 20%. This decrease can be attributed to the effect of including the organic minerals (Availa-Zn R and Availa-Mn R ) and the Yucca schidigera extract (MicroAid R ) in the diet. Compounds containing Yucca schidigera, known as steroidal saponins, promote feed digestibility in poultry [32] , pigs [33] , and cattle [34] and reduce ammonia emissions from 12 to 30% [35] . McCrory and Hobbs [36] also reported that saponins of Yucca schidigera are added either to animal feed or slurry, and it could reduce the emission of ammonia. These results suggest that this dietary supplement improves feed digestibility and nutrient absorption, and thus decreases the N content in excreta. Furthermore, studies by Cabuk et al. [21] and Amon et al. [37] found that adding 120 and 165 g of Yucca schidigera extract per ton of feed significantly decreases ammonia emissions on farms by a range of 16 to 50% over those treatments without Yucca schidigera extract. Other research by Roldan and Rodriguez [38] suggests that Yucca schidigera extract can also be included in the drinking water for birds. These researchers found that by permanently adding 50 mL of Yucca schidigera extract into 1,000 liters of water significantly reduced ammonia emissions by up to 60% at d 40 of the growing cycle. However, Onbasilar et al. [22] reported that Yucca extract diluted in water (4 mL of Yucca schidigera with 96 mL of water and 4 m" of Yucca schidigera with 92 mL of water) applied on the litter does not have a significant effect on reducing ammonia emission.
The organic minerals (40 ppm Availa-Zn R and 40 ppm Availa-Mn R ) contained in the foot health program also play an important role. Bao et al. [39] reported that organic Zn is more efficient in nutrient absorption than inorganic Zn (included in traditional diets) and improves feed digestibility, which probably decreased excess nutrients in the excreta. On the other hand, Tizard [40] observed that Zn and Mn in their organic form have important effects on the overall health of birds and also play a role in protein synthesis. However, this study showed that by using a 2 kg m −2 litter density with the foot health program, which contains Yucca schidigera extract and organic minerals (Availa-Zn R and Availa-Mn R ), better results were obtained; these supplements contributed to the decrease in litterlevel ammonia emission by as much as 34% compared to a traditional growing program, which indicates that they have a positive effect on reducing ammonia emissions (Table 1) .
Regarding litter moisture, litter temperature, and pH, no statistically significant (0.05) differences were found ( Table 1 ), indicating that none of the 4 treatments had any effect on these variables.
Ammonia Concentration at Peak Height
The concentration of ammonia at peak height showed statistically significant (P ≤ 0.0006) differences among treatments ( Table 1 ). The TP1 treatment was statistically different from the TP2 and TP2+FHP treatments; however, the traditional treatment with one kg m −2 litter density (TP1) was statistically equal to the TP1+FHP treatment, which consisted of the traditional treatment plus the foot health program. As for TP2 and TP1+FHP, they were statistically equal to each other, while the TP1+FHP and TP2+FHP treatments were statistically different (Figure 2) . The decreased ammonia concentration at peak height, probably due to the lower litterlevel ammonia emissions, occurred when litter densities of 2 kg m −2 were used, but it is also likely an effect of the supplements included in the foot health program (Yucca schidigera extract, 40 Availa-Zn R , and 40 Availa-Mn R ). The ammonia concentration at peak height decreased by up to 46% with the implementation of the foot health program compared to TP1. It is important to note that the ammonia concentration in this study did not exceed 25 ppm, the level at which problems begin to be detected in birds, due to traditional management. However, it is of utmost importance to monitor the ammonia concentration inside the pen, as more than 25 ppm of ammonia in the environment causes stress in the animal, affects weight gain, and increases bird mortality due to pathological damage to the respiratory tract, respiratory depression, and eye abnormalities [9, 10, 41] .
Total Ammonia Concentration Emitted
Use of the 2 kg m −2 litter density and the foot health program had a positive effect on reducing ammonia emissions with respect to the traditional program with one kg m −2 (TP1). This was confirmed by estimating the total ammonia emitted during the growing cycle (Figure 3 ).
When the litter density was increased to 2 kg m −2 of rice hulls, ammonia emissions during the entire growing cycle decreased by 33%. Also, with the implementation of the foot health program, ammonia emissions throughout the production cycle decreased by 32%; however, by combining the 2 kg m −2 litter density with the foot health program, ammonia emissions in the whole growing cycle decreased by up to 36%. With these results, it was observed that ammonia emissions increased as the growing cycle progressed, and it was probably due to the accumulation of excreta on the litter with an accompanying increase in pH that led to increased release of ammonia [42] .
Pescatore et al. [43] found that 10-day-old birds emit 0.57 g ammonia per bird, whereas for 30-to 42-day-old birds, the daily ammonia emission is 1.71 g per bird; however, the ammonia emission reaches values of 2.34 g daily per bird at 48 d old. Therefore, the total ammonia emission reached high values; similar results are observed when no product is used to offset emissions. The total ammonia concentration in the facilities also depends on the density of birds per square meter, the size of the pen, and the type of installation. For poultry facilities with ventilation tunnels, a total of 5 and 4 kg of ammonia during a bird production cycle has been found [44, 45] . However, in this study, the total ammonia concentration was lower, probably due to the characteristics of the facilities, i.e., open windows with a manual ventilation system. Moreover, comparing ammonia emissions is complicated when environmental and geographical conditions and the type of facilities are different.
CONCLUSIONS AND APPLICATIONS
1. Litter density of 2 kg m −2 with rice hulls, use of organic minerals (Availa-Zn R and Availa-Mn R ) and addition of Yucca schidigera extract (MicroAid R ) separately or in combination showed significant effects in terms of reducing ammonia emissions at litter level and at peak height, by up to 36%, in growing chickens in the central region of Veracruz. 2. The use of Yucca schidigera extract, 40 Availa-Zn R , and 40 Availa-Mn R could be an alternative for reducing ammonia, one of the major gases generated within poultry farms; it could thus have a positive impact on the health of the birds, thereby reducing their mortality and the economic and environmental costs that this implies. 3. Ammonia emission is caused by several factors; however, the solution cannot be based on a single strategy. Litter material and management are very important, as are the ventilation systems in the facilities. 4. To the best of our knowledge, this is the first research of its kind in the study region, so further research to generate recommendations that significantly contribute to reducing ammonia emissions and that are efficient for poultry production in southeastern Mexico is required.
